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FACTORS AFFECTING THE RAPID DISAPPEARANCE OF
BACTERIA PLACED ON THE NORMAL SKIN*
GERBERT REBELL, DONALD M. PILLSBURY, M.D., MARGARET DE
SAINT PHALLE, B.S., AND DOROTHY GINSBURG, B.S.
The skin apparently does not normally support the multiplication of poten-
tially pathogenic micro-organisms on its surface, but instead supports that of a
relatively innocuous flora, primarily micrococci. The common pyogenic cocci,
beta-hemolytic streptococci (Lancefield group A) and coagulase-positive staphy-
lococci, appear usually to be replenished from reservoirs in the upper respiratory
tract, and to be found infrequently, and for short periods only, on the intact
skin.
What happens to pathogenic bacteria left to shift for themselves on the sur-
face of the normal skin is of interest as it relates to the transmission of infectious
and epidemic disease, to the infection of wounds (to surgical and obstetric
procedure), as well as to the production, spread, and control of cutaneous disease,
so that the matter has been investigated by workers in various fields.
In 1919 Schiemann and Landau (41) showed that the normal skin of the hand has the
power of destroying bacteria placed on it in fluid suspensions. They found that the number
of viable bacteria recovered from the fingers after the hand was dipped in a bacterial sus-
pension, decreased rapidly after the hand was removed. They asserted that this self-steri-
lization could not be explained by the drying of bacteria on the skin, but must be due to
either mechanical or chemical action. The fact that B. coli and other gram-negative enteric
rods proved more susceptible to this action than Bacillus spores was interpreted as dis-
proving the hypothesis of mechanical action. Parenthetically, it may be pointed out that
in 1899 Sabouraud (40) wrote that desquamation of the horny layer functioned to free the
skin of bacteria, with which it might have become invaded.
In the same year (1919) as Schiemann's and Landau's work, Dold and Chen Yu Hsiang
(18) published a study of the hygiene of handshaking, and noted the self-sterilizing ability
of the skin against B. typhosa, and a similar phenomenon when this bacterium was placed
on glass rods. Schiemann and Landau thought that the chemical factor in self-sterilization
might be the acidity of the skin, and Dold and Chen Yu Hsiang speculated that the phe-
nomenon might be due to the skin's secretions or sweat (although they were not able to
remove the anti-bacterial substance), to the adherence of the bacteria in the crevices of the
skin, to drying, or to light.
Marchionini and her associates, in extended studies of sweat, from 1928 to 1939 (42, 43,
27—29), suggested that susceptibility of intertriginous areas of skin to bacterial infection
might be a consequence of the relative alkalinity of these areas. According to their work,
this alkalinity (pH about 7) results from the bacterial production of NH, in standing sweat.
Upon rapid evaporation of sweat, acidity of the skin is increased by concentration of the
acids, principally lactic acid. In 1938—39 they presented evidence that the gram-negative
rod, Serratia marcescens, when applied to the skin in saline suspensions, disappears less
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rapidly from areas normally alkaline than from those normally acid, and also, that higher
counts of normal skin bacteria are obtained from alkaline than from acid areas.
Singer and Arnold in 1929 (44) and Arnold, Gustafson, Hull, Montgomery, and Singer,
in 1930, (2) demonstrated the self-disinfecting power of the skin, showing that less than
ten per cent of gram-negative rods (including B. coli and S. marcescens) were recoverable
10 minutes after they were applied as saline suspensions. Staphylococcus aureus and albus
(air contaminant) were more resistant to this action. They did similar experiments on the
skin of cadavers 15 minutes after death and found the self -disinfecting powers of the skin
apparently much impaired, fifty per cent or more of gram-negative rods being recoverable
after 30 minutes. They found, as Schiemann and Landau had also observed, that skin of
washed hands disinfected itself more rapidly than did dirty skin, attributing this to the
removal of fatty covering. They attempted to investigate the role of skin acidity but were
unable to counteract the strong buffering action of normal skin except by radical means.
Karns and Arnold (1931) (24) found the rate of self-disinfection over an hour period to vary
inversely as the concentration of the bacterial suspension applied to the skin, and stated
also that the self -disinfecting power of pathologic skin was not the same as that of normal
skin. In 1931 Fisher (and Arnold) (20, 30) presented evidence that the antibacterial power
of the skin decreased during menstruation. However, in their data this evidence is clear
for only one of five subjects, who was studied through three cycles. In 1929 Marchionini had
noted increase in skin alkalinity during menstruation (26).
Norton and Novy, 1931 and 1932 (32, 33) reported experiments in which they observed:
(1) that the period of rapid decrease observed by Arnold in the first ten minutes coincided
with the drying of the suspension on the skin; (2) that if the skin is kept moist with water
vapor or wet gauze, little reduction occurs; (3) that if counts are made during the period in
which the bacterial suspension dries on the skin, the point at which the skin is judged
visibly dry coincides with the abrupt disappearance of bacteria; and (4) if a bacterial sus-
pension is permitted to dry on a glass surface the reduction is nearly as great as that ob-
served on the skin. From this the authors concluded that the skin does not possess specific
antibacterial action, but that the phenomenon is due simply to desiccation. In 1932 Bryan
and Mallamn (5) checked Norton's and Novy's work on glass as compared to skin, for B.
coli and Staphylococcus aureus, and concluded that drying is an important factor in self-
sterilization. They also investigated the effect of irradiating the skin with sunlight or ultra-
violet light before inoculating it with bacteria, demonstrating an increased rate of disap-
pearance during the first 15 minutes. In 1934 Arnold and Bart (3) countered the work of
Norton and Novy with an experiment on fourteen subjects in which they found no ap-
preciable difference between the rate of disappearance of bacteria from hand and arm kept
moist in a humid incubator and that in which normal drying was permitted to occur. How-
ever, they did find that by increasing evaporation with an electric fan the 10 minute re-
covery was decreased from 35 per cent to 14.5 per cent. They observed no change from the
normal rate of self-sterilization, after cleaning the skin vigorously with soap and water
followed by absolute alcohol or anhydrous ether. Like Norton and Novy, they were unable
to demonstrate the test bacteria in smears of histologic sections from the inoculated areas.
From this they considered the possibility of lysis. They also reported that the self-sterilizing
power was enhanced by a ketogenic diet. They concluded that desiccation is not a major
factor on a clean skin surface, and that, in general, there exist other more important factors.
In 1931, Cornbleet and Montgomery (12) compared the self-sterilizing power of various
types and areas of skin, using bakers' yeast and staphylococcus as test organisms. They
found moist areas and areas of dermatitis to be comparatively deficient in this power. In a
small number of trials the nail surface was found particularly effective and the nail edges
markedly ineffective. They were unable to demonstrate increased antibacterial activity
after ultra-violet irradiation in two instances attempted. In 1932, Cornbleet (13) showed
that when moist skin folds are opened to the air and dried, their self-sterilizing power is
restored, whereas if they are juxtaposed and moist, sterilization is negligible after one hour.
In 1932, Cornbleet (14) published data indicating that after ingestion of glucose, the self-
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sterilizing power of the skin is increased and maintained at an above-normal level until
blood sugar drops below the fasting level. (Arnold et al. had previously noted that the self-
sterilizing power of the skin of diabetics was low.) Diabetic and non-diabetic subjects
showed no differences in the levels of seif-disinfecting power corresponding to the differences
in blood-sugar levels. He inferred that in the period during which blood-sugar fell below
the fasting level the self-sterilizing power of the skin became subnormal, and that since
this period may be longer in diabetics than non-diabetics, their susceptibility to bacterial
and monilial infection was greater. However, in 1933 (15) he published an article stating
that he found the phenomenon to be non-specific and associated with the ingestion or in-
jection of a wide variety of drugs and hormones.
In 1934 Cornbleet (16) combatted the view of Marchionini that acidity accounted for
self-disinfection of skin, stating that staphylococci and yeast grow in sweat adjusted to pH
3 and that alkaline areas were merely slower than acid areas in their self-sterilizing action.
In 1930, Colebrook (10) presented findings showing that in three trials 28.93 per cent beta-
hemolytic streptococci remained viable on the skin one hour after drying and 4.39 per cent
two hours after drying, but that they were considerably more resistant to desiccation on
glass. He concluded that desiccation and lysozyme (which Fleming presumed he recovered
in small quantities from skin in 1922 (21)) were of only slight importance in autogenous dis-
infection, and suggested the concentration of salts by excretion as a third possible factor.
He had found Fleming's test organism, Micrococcus lysodeikticus, to be relatively resistant
to autogenous disinfection, and B. coli, Proteus, and Klebsiella to be susceptible. In 1941,
he published additional observations on streptococci, Proteus, and Klebsiella which, thinly
smeared on fingers that were then air dried and sampled with a moist swab two to five
minutes after they became visibly dry, showed a reduction of nearly 99 per cent. He denied
the effect to be due simply to desiccation, and emphasized also the importance of a satis-
factory technic for sampling.
In 1938, Burtenshaw (6) published observations with several strains of beta-hemolytic
streptococci, using himself as the principal subject. He employed a technic similar to that
of Colebrook, but spread the bacterial suspension over a small measured area on the fingers,
palm, or forearm, with a loop, and removed test samples by scraping the skin with a glass
slide in a cylinder held to the skin and containing a few cc. of saline, a portion of which
was then removed with a pipette and streaked on a plate. He used several control surfaces,
including tightly stretched dead skin, glass, and rubber. He expressed the reduction ob-
served as the ratio of the first count (made 2 to 4 minutes after visible drying) to the second
(made 60 to 90 minutes after drying). Means of 6 samples showed various surfaces to be effec-
tive against streptococci in the following order: palms, ratio 33.20; fingrs, 6.57; glass, 5.96;
dead skin, 2.95; forearm, 2.78; and condom rubber, 2.75. He also noted a statistically signifi-
cant difference between his own right and left palm. He concluded that the actual self-
disinfecting power of the skin functions after killing by drying is over and is a much slower
phenomenon. In 1942, Burtenshaw (7) prepared ether extracts from skin, in which the frac-
tion containing long-chain fatty acids proved effective in vitro against alpha- and beta-
hemolytic streptococci, and Corynebacterium diphtheriae, of variable effect against Staph-
ylococcus aureus and epidermidis, and ineffective against gram-negative rods. In saline
suspension, stratum corneum cells were effective but the supernatant fluid was not. Ether
extracts from hair, nails, and cerumen were strongly effective, while those from palmar
and forearm skin were moderately so. Preliminary scraping of the skin in ether, or saline,
reduced self-disinfecting power. It will be recalled that Peck (36) and his colleagues in
1939 and Rothman et al. (39) in 1947 attributed resistance to dermatophyte infections to
fatty acids of sweat and sebum, a hypothesis that has recently been questioned by Kligman
and Ginsburg (25).
Burtenshaw (7) was unable to demonstrate for his own finger prints the property of in-
hibiting or lysing bacterial growth on agar plates. This had been observed by Hill and White
in 1933 (22) to occur rather irregularly against staphylococci, gram-negative rods, and
particularly against Bacillus spores, in many tests on six subjects.
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In 1943, Bergeim and Cornbleet (4) studied the antibacterial action of lactic and volatile
acids of sweat, confirming Marchionini's observation that sweat becomes alkaline by bac-
terial contamination but slightly more acid if it dries under sterile conditions. They also
stated that bacterial activity apparently produces some fatty acids from lactic acid in
sweat. They observed that B. coli was inhibited at about pH5 in 0.1 N lactic acid, and con-
cluded that were it not for evaporation, sweat might lose what mild antiseptic properties
it may possess. In unpublished studies we found that a pH of 4.3 to 4.8 produced by lactic
acid is needed to inhibit coagulase-positive staphylococci, normal skin staphylococci, and
gram negative rods alike, and that killing occurs between 3.7 and 4.3. Also, the suscepti-
bility of normal skin and coagulase-positive staphylococci to fatty acids appears to be
somewhat greater than that of gram-negative rods.
In 1939, Price (38) introduced the technic of successive surgical scrubs as a method of
study of the bacterial flora of the skin. He distinguished between the resident or normal bac-
teria, which he found difficult to remove by scrubbing, and transient or contaminant bac-
teria, which he found easy to remove. He stated that scraping or swabbing the skin did not
give good quantitative results for either transient or resident bacteria. He observed that
several hundred thousand B. subtilis cells disappeared from the hands and arms in three
hours, but that, in another instance, B. coli remained unchanged for this interval. He also
noted that B. coli increased under rubber gloves, a phenomenon which may be inferred for
staphylococci from observations of Devendish and Miles (16). Price reported that after
work on surgical wards, he acquired various staphylococci, B. coli, and Pseudomonas ae-
ruginosa as fifty per cent of his resident flora, and that in spite of scrubbing and applica-
tion of germicides, these organisms persisted on his hands for many weeks after he left the
wards.
Arnold in 1942 found that when the skin of the hand was acidified by soaking it in dilute
HC1, few contaminating or resident bacteria could be demonstrated in fingerprints on nu-
trient agar plates, but that when the skin was alkalinized by similar treatment with so-
dium carbonate transient and resident bacteria were obtained in fingerprints in greater
abundance than from those of untreated skin. From this, on the basis of earlier observa-
tions of Marchionini (43), he reasoned that the skin acts as a gel which swells under alka-
line conditions, releasing both transient and resident bacteria, and contracts under acid
conditions, holding them to its surface. However, Pillsbury and Shaffer in 1939 (37) were
unable to induce visible edema of the skin at pH values lower than 12. Arnold observed
that in one instance S. marcescens decreased in a solution in which an acidified hand was
immersed for 45 minutes.
In 1942, Nungester and Kempf (34) proposed a technic (applied to disinfectants), using
the skin of mouse tails, to determine reduction in bacterial pathogenicity that may occur
on the skin, rather than simply reduction in viability. Krueger at al. in 1942 (26) published
data showing that one, possible two, strains of influenza virus were more rapidly inacti-
vated on normal washed hands than on glass. However, Parker and MacNeal in 1944 (35)
were unable to demonstrate this clearly for an additional strain of virus.
In a report on germicidal soaps in 1944, Morton and Klauder (30) briefly reviewed the
literature on self-sterilization. Burtenshaw (8) published an exhaustive review in
1945, which he subsequently developed into a chapter in Modern Trends in Dermatology,
edited by R. M. B. MacKenna (9). In this review he lists the following factors as possibly
contributory to autogenous disinfection: (1) desquamation and certain physico-chemical
factors; (2) desiccation; (3) acidity; (4) fatty acids; and (5) ill-defined antibac-
terial agents, of which peroxides and ultra-violet light may be significant examples, but
lysozyme, because of the negligible amounts found in the skin, menotoxin, and enzymes
are of academic interest only.
It is apparent that the subject remains controversial, although most dermatol-
ogists have accepted the experimental work, particularly that of Arnold, Oornbleet, and
Burtenshaw, as indicating that the skin does possess relatively specific antibacterial power
by virtue of its "acid mantle" (so-called by Marchionini (42)). However, in view
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of Norton's and Novy's observations on the effect of drying, the data of Arnold and Corn-
bleet do not constitute sufficient evidence for this assumption. Colebrook and Burtenshaw
limited their observations until destruction by drying had presumably occurred and dem-
onstrated a slow but continued decrease in viable bacteria. Although such reduction might
represent delayed effect of desiccation, it is evident that the observations of Arnold and
Cornbleet and others who used a similar technic might not apply to the same phenomenon
as those made by Colebrook and Burtenshaw. It should be noted also that Arnold
used gram-negative rods, which are resistant to the acids of sebum and sweat that most ob-
servers consider responsible for self-sterilization, while Burtenshaw used the relatively f as-
tidious streptococci.
It may be said in summary that it is impossible to generalize from the data so
far accumulated, because of discrepancies of various kinds, and that there is
actually no evidence that the skin possesses a broad sterilizing action against
most pathogenic micro-organisms. It is also important to make a distinction be-
tween the rapid disappearance of bacteria placed on the skin in aqueous suspen-
sions and the establishment and maintenance of a predominantly micrococcal
flora relatively free of pathogenic species, i.e., what might be called the ecology
of the skin. Most of the observations made so far apply only by inference to this
ecology. Some isolated findings, such as those of Hill and White, may apply, but
require further investigation.
PROCEDURE
In the work reported in this paper, we have attempted simply to correlate by
a standard technic the observations in the literature which pertain to the rapid
self-sterilization of the skin. For this purpose we have used a device designed to
remove standard samples of bacteria from the skin surface. It consists of a light
electric motor and counterweight mounted on a balance beam.' Neoprene brushes,
one cm. in diameter, fitted in an aluminum shank are snapped into the chuck of
the motor. A pan for weights is mounted on the motor. The speed of rotation is
controlled by a rheostat. In making counts, a glass cylinder with side handles
was held firmly against the skin and 2 ml. of 0.85% saline was introduced into it.
The brush was then carefully lowered until it touched the skin in a balanced po-
sition and a ten or twenty gram weight added (Fig. 1). The motor was turned on
for one minute at a rheostat setting of about 6,000 r.p.m. One ml. of saline was
then removed from the cylinder cup and plated out in an appropriate medium
and the bacterial colonies counted in 24 to 48 hours in a Quebec colony counter.
By increasing the weight above 30 grams, slight abrasion may be produced.
Six medical students were employed as subjects for all experiments except
those on the effect of sweating, for which six additional subjects were obtained.
The test organisms used were: one strain of B. coli, isolated from external otitis;
two strains of coagulase-positive staphylococcus, one isolated from a pyoderma
and one from the normal skin flora of a subject, on whom it was found for three
successive weeks; one strain of coagulase-negative (normal skin) staphylococcus,
This device was designed and built according to our specifications by Air Shields, Inc.,
Hatboro, Pennsylvania.
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FIG. 1. Technic of sampling bacteria on the skin quantitatively.
— MtrnttS
FIG. 4. B. coli: saline control1, 5% glyc-
erine added, and inoculated area sprayed to
prevent drying. Dashed line shows 10-fold
magnification of control.
These graphs show the death of bacteria placed on the skin in aqueous suspensions, as
indicated by the decrease in viable bacteria obtained by successive samples taken with the
scrubbing machine in the intervals marked on the abcissae. The number of bac-
teria removed is expressed as the percentage of the total number of bacteria placed on the
skin.
identified according to Hucker's classification (23) as Micrococcus auriantiacus,
which was isolated from the normal skin on ten successive weeks; and one strain
of beta-hemolytic streptococcus, Lancefield group G, received from Dr. Lance-
field. The growth from 24-hour broth cultures resuspended in saline provided
the inoculum.
—Mtntt.s
FIG. 2. B. coli in saline: control2, inoc-
ulum buffered at pH 7, and inoculation area
cleansed with ether. Coagulase-positive
staphylococcusl in saline shown also.
— MtnntQs
FIG. 3. B. coli: area sprayed to prevent
drying. Dotted lines show range of counts
for six subjects.
—Zltnutes —
Fia. 5. Comparison of three strains of
staphylococcus.
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A modified test tube, perforated with three small holes to apply the bacteria
to the skin, was used. A measured quantity of bacterial suspension was intro-
duced into the tube and then spread evenly over the skin as it ran out of the
holes. One-half per cent amaranth was added to the suspensions to facilitate
visual control of the evenness of inoculation. Saturated amaranth in saline was
found not bactericidal for the test organisms in 24 hours. Brushes, glass cylin-
ders, and glass applicator tubes were sterilized in the autoclave or in boiling
water between use.
In order to distinguish test organisms from normal flora, the following selec-
tive media were used: for B. coli, desoxycholate agar; for streptococcus, heart
infusion agar (Difco) plus 1/500,000 crystal violet; for staphylococci, 0.5%
yeast extract agar to which 10% evaporated milk was added when pouring the
plates. On this opaque white medium, the orange colonies of the test staphylo-
cocci could be distinguished from the predominantly white normal skin staphy-
lococci, and counted as surface colonies.
A table of technics used by other investigators is included for reference (Table
I).
Three groups of experiments were made: (A) studies of B. coli and staphylo-
cocci on the forearms; (B) a comparison of B. coli and group G. streptococcus
on the back; and (C) some observations on glass surfaces.
In the first series of studies one arm of each subject was used for B. coli and
the other arm for staphylococci. Experiments were done at weekly intervals in
the following order: B. coli: (1) saline control1; (2) 0.5% glycerine to prevent
drying; (3) spraying inoculated area to prevent drying; (4) buffering inoculum
at pH 7; (5) saline control2; and (6) preliminary cleansing of inoculated area
with ether. Staphylococci: (7) coagulase-positive staphylococcusi (normal skin)
in saline; (8) coagulase-positive staphylococcus2 (pyoderma) in saline; (9) coagu-
lase-positive staphylococcus2 in horse serum; and (10) coagulase-negative (normal
skin) staphylococcus in saline.
To inoculate the skin 0.5 ml. of a suspension containing approximately 3,600,-
000 bacteria per ml., as determined by turbidity comparisons, was spread as
described over an area 3 by 6 inches marked on the flexor surface of the arm with
a wax pencil (Fig. 1). This gave about 100,000 bacteria per square inch. A control
count was made each week to check for the presence of the test organisms in the
normal flora. This did not occur except for very occasional single colonies. A 10
gram weight was used to make certain that no abrasions occurred which might
influence the experiment of the following week. Counts were made immediately
after application of the bacteria to the skin and then at five minute intervals for
thirty minutes. After each experiment the subjects washed their arms thoroughly
with soap and warm water without using a brush.
Experiments (1) and (5), saline controls. The increasing concentration of saline
as the bacterial inoculum dries on the skin appears in itself to have no affect on
bacteria. The matter has been considered by Arnold (2) and Burtenshaw (6),
from whose data, as well as from a comparison of our saline controls with the
experiments done on glass and on the back reported below, in which distilled
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water was used instead of saline, it is apparent that the increase of osmotic
pressure which one expects to occur when saline dries is not responsible in any
degree for the decrease in bacteria which occurs on the skin.
Figure 4 shows the curve of the means of six subjects for control1 and Figure
2 that for control2, which was done near the end of this series of experiments.
The counts shown in these graphs, as in all those that follow, are expressed as
percentages of the total inoculmn applied to the skin. The point 0.7% is the
count to be expected to occur under the area of the brush, and is therefore, the
number of bacteria one would expect to obtain, should all the bacteria remain
viable and evenly distributed on the skin and the brush remove all the inocu-
lated bacteria from the area it covers. The dashed line in Figure 4 is a tenfold
magnification of control counti.
The inoculum becomes visibly dry in from 5 to 10 minutes. It may be seen
that this interval corresponds to the great drop in viable bacteria, and that after
this there is little if any further reduction during the thirty minute interval.
Statistically2 there is no significant difference between the means of the two
control counts.
Experiment (2). The addition of 0.5% glycerine to the saline was made to de-
crease drying. This quantity of glycerine does not have an appreciable effect on
the vapor pressure of water. The glycerine inoculum did not wet the skin so well
as saline alone, and did not dry completely. The reduction (Fig. 4) was slow and
continuous throughout the 30-minute period. The variance between subjects was
inexplicably great. In one subject the glycerine curve, repeated three times, did
not differ significantly from his control counts.
Experiment (3), spraying the inoculated area to prevent drying. The use of hot
water vapor and humid chambers may introduce sweat as a factor and the use of
wet compresses may result in protection of bacteria in the meshes of the gauze
from the skin's influence. The use of a fine spray from an atomizer meets these
objections but still involves the addition of droplets to the area inoculated,
which may interfere with proper contact between bacteria and possible anti-
bacterial agents of the skin. However, it seemed to be the best simple method
and after a number of trials, six experiments—one from each subject—were per-
formed in which the technic of spraying just enough to keep unchanged the
moisture of the inoculated area was reasonably well achieved. There was no
great range of variation between counts for the six subjects (Fig. 3).
When compared to the saline controls, the counts (Fig. 4) indicate marked
protection of the bacteria. The reduction that occurs may signify an unmasked
anti-bacterial agent, the dispersion of motile bacteria over the previously
2 The statistical tests used were: 'Student's' t distribution applied to the differences of
means, starting from the 30 minute scrubs and proceeding to shorter intervals until it be-
came apparent how the significance was running; Fisher's F test applied to variance in the
same way; and 'Student's' distribution applied to r between the means of the
ten 120 minute counts of B. coli and the streptococcus for the six subjects.
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scrubbed surface, or the loss of a few drops of inoculum observed previous to the
25-minute count.
Experiment (4), inoculum buffered at pH 7. The marked buffering action of the
skin has been noted by several workers. Pillsbury and Shaffer found this action
more effective against alkaline, than acid, solutions (37). Arnold et al. (2) were
unable to change the acidity of the skin by soaking it for 10 minutes in sodium
carbonate, although in experiments in 1942 (1), similar treatment did produce
the effects cited earlier. They were able to produce a change by injecting alkaline
phosphate intravenously and subcutaneously into the legs of dogs (2), the arteries
of which had been ligated, and to demonstrate a reduced self-disinfecting power.
However, it may be questioned whether skin temperature did not drop suffi-
ciently to impair evaporation. Low skin temperature may also account for their
results with cadavers. It should be observed that, as well as the normal causes of
skin alkalinity, i.e., stale sweat and serum exudate, most experimental attempts
to change the pH of skin result also in an increase of moisture. It must be ad-
mitted that the pH of the skin actually is not acid enough to kill most bacteria,
particularly at the rate at which they have been observed to disappear. There-
fore, we must assume a joint effect of acid and other factors if we are to credit the
notion that acidity is in any way effective in rapid self-sterilization.
In our experiments we were unable to change the pH significantly by the use
oflnoculum in which the saline was replaced by 0.19 per cent phosphate mixture
giving pH 7. An increase of phosphate was avoided because it was desired that
a dry weight of salt approximately equal to that in saline be used. p11 readings
were made from the test cups with a Beckman meter (glass electrode). Because
of the scrubbing action of the brush, these readings may err in the direction of
greater buffering action than actually occurred at the skin's surface. The counts
(Fig. 2) are not significantly different from saline control2 but are significantly
greater than control1. Some decrease in self-sterilization may be expected from
the fact that a drop of saline on a slide dries and crystallizes in a few minutes
whereas a drop of phosphate buffer does not dry completely or form its crystal
organization for a few hours.
Experiment (5). The removal of lipoids from the skin surface was accomplished
by cleansing the inoculum area with ether-soaked cotton sponges, manipu-
lated with forceps. The arm was cleansed in this manner for five minutes, fol-
lowed by a five minute drying period, cleansed again for five minutes, dried for
five minutes; cleansed for five minutes with acetone to remove all traces of
ether, followed by five minutes of drying, after which counts were made in the
usual fashion. Emanuel (19) has shown that all lipoids are removed from the
skin surface in sixty seconds in ether held on the skin in a cup. The curve shown
in Figure 6 indicates a marked decrease in self-sterilization. One explanation for
this may be that the inoculum spread very evenly, entering the crevices of the
skin firmly, so that it was decidedly difficult to wash it off with soap and water.
As would be expected, similar even spreading was observed in two trials with
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0.01% of the wetting agent, Tween 80, although of course this was easily washed
off. The Tween 80 counts did not differ significantly from the controls. The use
of ether and acetone resulted in drop in skin temperature from about 33 to
27—29°C., determined with a thermometer insulated from the air with cork (45).
This drop also may account, by decreasing evaporation, for the counts obtained.
Experiments (7), (8), and (10), staphylococci. The objectives of these experi-
ments were: to determine (1) whether staphylococci isolated from the normal
skin are susceptible to the self-sterilizing action of the skin, (2) whether this
susceptibility is of the same order as that of coagulase-positive (pathogenic)
staphylococci, and (3) to compare staphylococci with B. coli. In regard to the
orange strain of staphylococci used as an example of normal skin flora, it may
be objected that it is not a Micrococcus epidermidis (albus). However, we have
accumulated data yet to be published, indicating that orange pigmentation is
not infrequent among the very mutable and heterogenous micrococci that make
up the normal skin flora, so that, since the present organism was isolated as a
predominant part of the normal flora as stated earlier, we feel safe in assuming
it to be representative. The strain coagulase-positive staphylococcus1 also iso-
lated from the normal skin produces both alpha and beta toxin.
It may be seen from Figure 5 that staphylococci are considerably more resist-
ant than the B. coli. The surface colony counts on milk agar were multiplied by
20, since the ratio of surface colonies to deep colonies of B. coli was about 1/5. The
figure is probably a bit high, considering the initial counts calculated from it.
Like the B. coli controls, the staphylococci show little further reduction after
an initial drop in the first 10 minutes. The three staphylococci do not differ sig-
nificantly. This is evidence that the bacteria of the normal skin flora are no more
resistant than coagulase-positive strains to autogenous disinfection.
Experiment (9), staphylococcus in serum. This experiment was introduced since
one would expect serum to protect bacteria from desiccation, and since coagu-
lase-positive staphylococci usually establish themselves rapidly in exudative
lesions. The horse serum dries as a varnish-like crust. Either virtually no reduc-
tion occurs or actual multiplication takes place, to account for the upward
direction of the curve after the first 10 minutes (Fig. 6).
Experiment (10), comparison of B. coli and staphylococcus on glass. It was im-
possible to get a 3 by 6 inch area of inoculum to dry evenly on smooth glass.
However, by using 0.1 ml. instead of 0.5 ml. of inoculum (for which we compen-
sated by a five-fold increase in concentration of bacterial cells), which we spread
over the glass with a microscope slide (in the same manner as a blood smear is
spread), we found that the required area of inoculum was obtained which dried
very evenly in less than five minutes, and in every other respect permitted us to
perform experiments parallel to those done on the skin. Of course it cannot be
expected that from surfaces as dissimilar as glass and skin the same reduction
in count would occur even were only desiccation involved, but it appears likely
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that the uneven surface of ground glass, providing a maximum of drying surface,
is more like the skin than is smooth glass.
— —
FIG. 7. Comparison of B. coli and coag-
ulase-positive staphylococcus2 on ground
glass. B. coli and coagulase-positive staph-
ylococcus2 in serum represent only one trial
each.
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Fio. 8. Effect of prolonged sweating in
humid atmosphere on reduction of B. coli
in saline.
These graphs show the death of bacteria placed on the skii and on glass in aqueous sus-
pensions, as indicated by the decrease in viable bacteria obtained by successive samples
taken with the scrubbing machine in the intervals marked on the abcissae. The number of
bacteria removed is expressed as the percentage of the total number of bacteria placed on
the test surface.
The means of three trials for B. coli and for coagulase-positive staphylococcus2,
using distilled water as the inoculum medium (Fig. 7) shows these species to be
susceptible to desiccation on glass in about the proportion they are to drying on
skin (compare with Fig. 2). B. coli was completely killed on ground glass in 10
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G streptococcus in distilled water.
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minutes. Also included in Figure 9 are the counts of one trial each for B. coli and
the staphylococcus in horse serum, showing the protective action of serum.
Experiment (11). The effect of sweating was studied on 6 subjects who remained
in an insulated room for eight hours in a temperature of 96°F. and humidity of
99%. Jsing B. coli as the test organism, the counts were made on the flexor
surface of the forearm as in experiments (1) to (10), after the men had remained
in the room from 2 to 7 hours. The counts obtained are shown in Figure 8 and
are not significantly different from those in which the inoculated area was kept
wet by spraying (experiment (3) above). When five of the men returned for re-
examination between one and two weeks afterward, it was found that four of
them had B. coli abundantly on the arm, about 7,650 bacteria per square inch.
This is particularly significant in view of the fact that three subjects washed the
inoculum off before leaving the hot room, and that the average count at the end
of the day was only 0.01%, most of the bacteria apparently having dripped off
or been washed off.
Experiment (1), comparison of B. coli and beta-hemolytic streptococcus. The ob-
servations reported so far will be recognized to apply to the experiments per-
formed by Arnold rather than to those of Burtenshaw. To bridge this gap we
employed a strain of group G. streptococcus, the physiologic requirements of this
group being virtually identical to those of group A, to which Burtenshaw's
strains probably belonged. The counts were made immediately after inoculating
the skin and at 10 minute intervals for two hours, thus more than covering the
interval observed by Burtenshaw. To obtain an area large enough for our stand-
ard technic, 3 by 10 inches, we used the backs of our original six subjects, using
an inoculum of 0.85 ml.
Since B. coli, in the concentration used in previous studies, disappeared en-
tirely from the backs of some of the subjects in 10 minutes, the concentration of
both B. coli and the streptococcus in the inoculum was increased 10 times. The
back is apparently a more effective sterilizing surface than the forearms, perhaps
because of its greater output of sebum. From Figure 9 it may be seen that the
streptococcus is considerably more resistant to autogenous disinfection than the
B. coli. This is in contrast to the greater susceptibility of streptococci to acidity
and to fatty acids. Moreover, after the initial decrease during the drying period,
which because of the humidity of the weather was slightly in excess of ten min-
utes, there is apparently no further reduction in count. Considering Burtenshaw's
results, it is possible that he did not allow enough time (i.e., 2—4 minutes) after
drying before beginning his counts, so that the initial counts were done before
all killing by desiccation was over. In regard to B. coli, it may be seen from the
dashed line, which constitutes a 100-fold magnification of the count, that some
reduction occurs for at least 40 minutes, after which further reduction is not ap-
preciable. Correlation between the reduction of the two organisms from subject
to subject is significant at the five per cent level of probability, as a consequence
of which it may be surmised that the principal factors responsible for the de-
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crease in B. coli are the same as those responsible for the decrease of the strep-
tococci.
To sum up, it need only be observed that assumption of a general antibacterial
factor, other than desiccation and those things upon which desiccation depends
is not necessary to account for any of the data presented above, nor, with the
exception of Hill's and 'White's studies, for any of that in the literature pertain-
ing to the rapid self-disinfection of the skin. Until new evidence for such a factor
is uncovered, it must be assumed that none exists. As suggested earlier, a study
of the factors responsible for the adjustment of the normal flora of the skin may
prove a more and more fruitful line of investigation, and one in which fatty acids
and pH may play a part.
STJMMARY
1. A series of studies on the rapid self-sterilizing property of the normal skin,
using Bacterium coli, staphylococci, and group G streptococcus, is reported.
2. No evidence warranting the assumption of an antibacterial factor other
than desiccation was obtained.
3. The sebaceous film on the skin appears to be necessary for the effective
desiccation of bacterial suspensions.
4. B. coli was observed to establish itself in the normal flora of four or five
subjects when inoculation of the skin surface was accompanied by profuse and
prolonged sweating.
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DISCUSSION
DR. SAMUEL M. PECK: It is always a pleasure to hear a presentation from Dr.
Pillsbury's group. Just as he emphasized in his paper, to obtain reproducable
results in any experimental procedure, especially one dealing with surface bac-
teria, we must have controls. More important is the fact that before we disagree
with any presentation along these lines, we must have done the same experiments,
or at least, have carried out procedures as closely simulating these as possible,
with which we agree or disagree. Each type of control must have been tested
before the evaluation of any substance on the skin surface is properly established.
We have heard a series of excellent presentations pointing out that we must be
more cautious in interpreting data, in view of what has just been studied. I do
not quite agree with the conclusions of this paper in terms of my own experi-
ments. The fatty acids play a role and affects so-called normal flora, as well as
pathogenic microorganisms. The reasons organisms are pathogenic is because the
skin in this instance has not adjusted its defense mechanism to make them non-
pathogenic. Therefore we cannot use this material in discussing pathogenic bac-
teria whether they are B. coli, streptococci, etc. We must use the same organisms
before we evaluate any organisms of similar type and.I wish to thank the authors
for giving me one more control with which I may be careful to carry out in my
next experiments.
DR. THEODORE CORNELEET: The more one studies this problem the more he is
impressed that the skin does not use one exclusive method to arrest the activity
of bacteria at the surface. I believe with Doctor Peck that chemical action in this
respect is potent. But even here the process is not simple. Thus, at lower pH
values or more acid states lactic acid can be effective with sweat evaporation, at
higher pH values or less acid states, the volatile fatty acids become more effec-
tibe as in the axillary spaces. We have never been persuaded that mere acidity of
itself explains the removal of bacteria at the cutaneous surface. Otherwise, how
could the normally more alkaline sites keep themselves free of infection. These
areas are known, nevertheless, to require longer intervals to inactivate bacteria.
Since these places are at folds that are moist, it points up the action of drying.
Our observations on the drying of bacterial suspensions on smooth glass surfaces
did not show results wholly in keeping with that of the authors. We were able to
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recover viable bacteria. Complementing the chemical action of agents at the
cutaneous surface, we believe is the physical one of drying. This to us is an ad-
hesion phenomenon with aggregates formed between keratin and bacteria. An
analogy may be drawn by the more easy removal of ink prior to drying before
it has more firmly adhered to the surface physically. I think that the authors
came to grips with the real problem by a consideration of invasion by transient
or permanent bacterial guests. In lethal tests on bacteria or laboratory animals
one is struck by how some few are able to survive inordinately severe actions.
These survivors are the ones that count in infections. It may even be that this
whole phenomenon and demonstration of non-recovery of seeded bacteria though
true is beside the point and incidental to more decisive processes the skin uses
intrinsically to block infections.
DR. ARTHUR W. GRACE: The reference made in regard to streptococci on the
skin helps to explain two items that interest me. One: the organism one almost
invariably finds in lymphangitis associated with endemic condition is almost en-
tirely a body hemolytic streptococcus, and is quite common in this country.
Next, in making a study of blisters produced in pemphigus vulgaris we have often
found blisters after 18—36 hours; the contents of these blisters become bacterially
contaminated. We were surprised to find at least 75% contained a pure culture
of the streptococci. It may be that the basis of this phenomenon lies in the basis
of the idea that Dr. Rebell presented to us today.
DR. STEPHEN ROTHMAN: I thought that Burtenshaw has shown rather con-
clusively that free fatty acids on the skin surface are strongly bactericidal for
streptococci and diphtheria bacilli. I wonder if fatty acids do not play at least
an additional role in the phenomenon of self-disinfection of the skin.
Closing Discussion by MR. GERBERT REBELL: I would like to thank the gentle-
men for their suggestions and criticisms. In regard to Dr. Cornbleet's question,
we found suspensions did not dry evenly on smooth glass. However, suspensions
dried evenly on ground glass, which, in its irregularities, is comparable to the
skin. Under these circumstances all B. coil disappear in ten minutes. The matter
of adherence of bacteria to keratin was considered by Arnold in his studies. Since
with our machine we can produce abrasion, we believe that adherence of bacteria
to the skin surface was overcome as a possible source of error.
Dr. Grace's comments regarding the finding of streptococci in closed non-
pyogenic bullae is interesting. By and large, groups C, G, and B appear to be
more often recovered from normal skin than is group A.
I wish to emphasize, particularly in recognition of Dr. Peck's comments, that
in our experiments we were concerned only with the rapid self-disinfection of
the skin. Over a longer period factors such as fatty acids might exert an antibac-
terial effect against certain bacteria.
